Background: Varenicline is a smoking cessation medication.
Background
Smokers have lower productivity, higher rates of absenteeism, and more workplace accidents and injuries compared with non-smokers. Furthermore, smokers incur healthcare costs that are 20-50% higher than those of non-smokers. [1] [2] [3] Despite the known adverse health and economic consequences associated with smoking, tobacco use remains the leading cause of preventable death and disease in the United States, claiming nearly 450,000 lives annually. 4 An estimated 70% of smokers express the desire to quit, and although 40-50% of these are known to have made at least one quit attempt, only 6% are successful. [5] [6] [7] Several effective pharmacotherapies are currently licensed for use as smoking cessation aids, and include nicotine replacement therapy, sustained-release bupropion and varenicline. Although clinical treatment guidelines recommend the use of smoking cessation pharmacotherapy, 8 and evidence suggests that such action significantly increases the likelihood of quitting, the majority of smokers who make a quit attempt do not seek assistance. 6, 9, 10 This may be in part due to drug utilization management techniques that can demand high copayments, thus reducing smokers' motivation to make use of such treatment. 11 There is growing literature on the impact of utilization management strategies on the use of medications. Higher copayments have been shown to be associated with lower rates of treatment initiation 12 and medication adherence, 13, 14 and conversely, reducing copayments has been shown to improve patient adherence to therapy. 15 A study examining the effect of copayments among smokers taking varenicline revealed that those with a low (US$0-5) copayment were more likely to fill a prescription for any smoking medication compared with those who had a high (≥US$31) copayment. 16 Another study reported that higher copayments were associated with failure to fill a varenicline prescription. 17 Results of a number of meta-analyses examining the comparative effectiveness of smoking cessation medications have confirmed that smokers taking varenicline are more successful at quitting and remaining abstinent compared with those using nicotine replacement therapy or sustained-release bupropion. 8, 10, 18 Furthermore, cost-benefit analyses found varenicline to be the most cost-effective pharmacotherapy for treating tobacco dependence. [19] [20] [21] [22] However, despite these results, varenicline is the most frequently targeted smoking cessation pharmacotherapy for access restrictions. 16, 23 Our study was conducted to explore the relationship between patient out-of-pocket costs and the utilization of and persistence with varenicline treatment.
Methods

Study Design
This retrospective, observational cohort study was conducted using data from the MarketScan ® Commercial Claims and Encounters Database, which is a database containing inpatient, outpatient and prescription drug claims from employees and dependents who receive health insurance coverage from a group of approximately 100 self-insured companies in the United States. Our study, which assessed the relationship between out-of-pocket costs and utilization of and persistence with varenicline, was conducted as part of a study that assessed access restrictions. Therefore, to assess the impact of access restrictions on varenicline use, employer health plans with available documentation on varenicline access restrictions in 2009 were selected and initially categorized into four cohorts according to type of restriction: (1) no coverage provided;
(2) prior authorization required for coverage; (3) participation in a smoking cessation program required for coverage; and (4) no coverage restrictions. Results of this analysis are reported elsewhere. 24 Healthcare claims for varenicline were not available from plans that did not provide coverage and consequently, there were no out-of-pocket costs to be measured from these claims. Therefore plans with no coverage were excluded from this analysis on out-of-pocket costs. Using observed mean out-of-pocket costs for varenicline in each health plan, the three remaining cohorts were further categorized according to out-of-pocket costs for a 30-day supply of varenicline as (1) low (<US$12), (2) medium (US$12-24.99), and (3) high (≥US$25). To ensure a reliable estimate of a health plan's out-of-pocket costs, health plans with fewer than 100 varenicline users were excluded. The cut points for the three out-of-pocket cohorts were selected from the distribution of mean out-of-pocket costs, with roughly one-third of patients falling into each out-of-pocket cohort.
Study Sample
The study sample included patients aged ≥18 years who were enrolled in selected health plans from 1 January to 31 December 2009. Individuals who were not continuously enrolled in health plans with prescription drug coverage during the calendar years 2008 (pre-period) and 2009 (study period) were excluded. Because data from the first quarter of 2010 were required to assess persistence for patients initiating varenicline treatment at the end of 2009, only those patients who were also continuously enrolled in health plans from January 2010 to March 2010 were included in the persistence analyses.
Medication Utilization and Persistence
Measures of varenicline utilization and persistence were obtained from analysis of outpatient pharmacy claims. Utilization was assessed for all patients in the sample and was defined as the presence of a drug claim by a plan member. Persistence was measured for patients who initiated varenicline in 2009 according to: days' supply of varenicline across all claims incurred in 2009, number of days to discontinuation and whether patients completed a full course of therapy. Patients with claims for varenicline in 2009 were considered to have initiated varenicline therapy in 2009 unless they also had varenicline claims in the last quarter of 2008. Patients who initiated varenicline in 2009 and who had at least 90 days' supply of the medication within 113 days of the earliest fill date in 2009 were considered to have undergone a complete course of varenicline therapy. A 113-day window was selected to allow for possible delays in medication initiation after the initial prescription fill, as well as for brief gaps between fills. 25
Patient Demographics
Information on patient demographics was obtained from enrollment records and was measured on January 1, 2009. Pre-index healthcare utilization and comorbidities were derived from claims incurred in the calendar year 2008. General comorbid burden was measured from non-diagnostic (i.e. non-laboratory and radiology) claims using the Deyo-Charlson comorbidity index, with higher scores indicating higher comorbid burden. 26
Statistical Analysis
Differences between categorical variables were assessed using the chi-squared test and those for continuous variables were assessed using a two-sided Student's t-test. A two-sided p-value <0.05 was considered statistically significant. The odds ratios of varenicline use were computed using logistic regression to control for differences between cohorts. Persistence on varenicline was assessed by modeling days' supply using a generalized linear model with negative binomial error distribution and log link. In addition, time to discontinuation of varenicline was assessed using Cox's proportional hazards model in a time-to-event analysis. As both the type of access restriction and the level of out-of-pocket cost could have impacted varenicline use and persistence, both were included as explanatory variables in the models. For use in the models, the out-of-pocket cost groups were collapsed to two categories: low (<US$25) and high (≥US$25). Because the samples comprised very few patients aged >65 years, this age group was excluded from the models analysis. The demographic characteristics controlled for in the models included age, sex, population density (urban vs. rural), geographic region, median household income in the same zip code as the primary insured and percent of college graduates in the same zip code as the primary insured. Clinical characteristics controlled for in the models included prior use of varenicline or nicotine replacement therapy, prior physician office visit, Deyo-Charlson comorbidity index score, tobacco abuse/dependence and the presence of specific comorbidities (listed in Table 1 ).
Results
Study Participants
The study sample was selected from among individuals continuously enrolled in the health plans selected for the analysis from 2008 to 2009 (N=1,341,519). After excluding individuals who were (1) enrolled in plans that did not cover varenicline (n=454,419), and (2) those who were enrolled in plans for which the out-ofpocket payment amount for varenicline could not be reliably determined (n=63,642), a total of 823,458 patients met the study inclusion criteria. The study sample included 142,251 individuals in the low out-ofpocket cohort, 458,966 individuals in the medium out-of-pocket cohort and 222,241 individuals in the high out-of-pocket cohort. The low out-of-pocket and medium out-of-pocket groups were largely composed of individuals in plans with no access restrictions on varenicline, whereas the high out-of-pocket group was mainly composed of people in plans that required prior authorization or enrollment in a smoking cessation program. The demographic and clinical characteristics of the patients included in the out-of-pocket cost analyses are presented in Table 1 .
Medication Utilization
In 2009, the proportion of patients filling at least one prescription for varenicline was higher among patients within the low (2.8%; p<0.0001 vs. high costs) and medium (1.9%; p<0.0001 vs. high costs) out-of-pocket costs cohorts, than the proportion among patients in the high out-of-pocket costs cohort (0.4%). Table 2 shows the impact of access restriction and level of cost-sharing on the probability of varenicline treatment, based on logistic regression analysis. The reference group for all comparisons was the cohort with no access restrictions and low out-of-pocket costs. Among patients with no access restrictions on the use of varenicline, the odds of varenicline treatment were 14% lower in the high out-of-pocket cohort than the low out-of-pocket cohort (OR=0.86; p=0.006). The odds of varenicline treatment were also significantly lower in most other groups, including prior authorization and low out-of-pocket (59% decrease; OR=0.41; p<0.001) or high out-of-pocket costs (90% decrease; OR=0.10; p<0.001), and smoking cessation program requirement and high out-of-pocket costs (81% decrease; OR=0.19; p<0.001), compared with no access restrictions and low out-of-pocket costs. The only exception was that the odds of varenicline treatment was significantly higher (37% increase; OR=1.37; p<0.001) with a smoking cessation program requirement and low out-of-pocket costs compared with the no restriction, low out-of-pocket costs (reference) group. 
Medication Persistence
Results of logistic regression analysis, generalized linear models and Cox's proportional hazards models by exploring varenicline persistence are presented in Table 3 . Within the no restriction cohort, patients with high out-of-pocket costs were 53% less likely to complete a full course of varenicline treatment than their counterparts with low out-of-pocket costs (OR=0.47; p=0.002). Compared with those with no access restrictions on varenicline and low out-of-pocket costs, the odds of a patient with a smoking cessation program requirement and low out-of-pocket costs completing a full course of varenicline treatment were 62% lower (OR=0.38; p=0.037), but the odds of completing a full course of varenicline were relatively higher (30%; OR=0.70; p=0.13) for patients with high out-of-pocket costs. Conversely, the odds of a patient with a prior authorization and low out-of-pocket cost requirement completing a full course of varenicline treatment were 157% higher vs. those with no access restrictions and a low out-of-pocket cost (OR=2.57; p<0.001). Among varenicline users with no access restrictions, the number of days' supply of varenicline was 16% lower in the high vs. the low out-of-pocket cohort (OR=0.84; p<0.001).
Discussion
Our results suggest that high out-of-pocket costs are associated with lower utilization of and persistence with varenicline treatment. Among patients with no access restrictions on the use of varenicline, the odds of varenicline treatment were 14% lower in the high out-of-pocket group than the low out-of-pocket group, suggesting that patients are influenced by the cost of varenicline and are less likely to undergo varenicline treatment if faced with higher costs. Our findings are consistent with those of a previous study that examined the impact of patient copayment on the utilization of varenicline 16 and reported that patients with a low varenicline copayment were significantly more likely to fill a prescription for any smoking medication than those who had a high copayment. Similarly, increased cost-sharing has been shown to result in lower rates of drug treatment and lower adherence across a variety of other medication classes. 12 Compared with poor adherence, good adherence to varenicline (≥80% of days taken) was associated with a two-fold increase in 6-month quit rates (52% vs. 25%). 27 In addition, adherence to drug therapy is known to improve health outcomes and reduce mortality. 28 This knowledge has implications in terms of the potentially negative impact that administration of high out-of-pocket could have on adherence to smoking cessation pharmacotherapy, and subsequently, clinical outcomes. This study is a retrospective claims-based analysis, and as such, one of the main limitations is that patients were identified via administrative claims data as opposed to medical records, which could potentially lead to the misclassification of covariates and outcomes. Moreover, because information on smoking status is poorly coded in administrative claims, it was not possible to definitively determine the proportion of smokers in each cohort. Thus, some of the variation in utilization between cohorts may be related to differences in the proportion of smokers rather than out-of-pocket costs. The findings of this study are limited to data collected during a single year (2009); we were not able to assess whether there were changes in plan design or out-of-pocket costs from the previous year that might have impacted varenicline utilization in 2009. Additionally, because this study included individuals with commercial health coverage through their own or a family member's employer, the results may not be extrapolated to patient populations insured through other carriers such as Medicare or Medicaid. There may also have been systematic differences between the study cohorts that accounted for the detected differences in varenicline utilization or persistence (although this was partially controlled for using regression).
Conclusions
This research suggests that high cost-sharing for varenicline results in lower utilization of and compliance with varenicline treatment. Given the demonstrated positive clinical and economic benefits associated with smoking cessation, and the data which show that varenicline is an effective treatment to assist smokers with quit attempts and to remain abstinent. 8, 10, 18 policy makers should consider whether restrictions and high outof-pocket costs that may decrease utilization of the drug are beneficial.
Data from this study were presented at the 18 th Annual Meeting of the Society for Research on Nicotine and Tobacco (SRNT), March 13-16, 2012 ; Houston, Texas, USA.
